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PROBLEM TO BE SOLVED: To provide a surface 
acoustic wave filter that enhances the balance between 
balanced signal terminals 210 and 21 1 and to provide a 
communication device. 

SOLUTION: The surface acoustic wave filter is provided 
with IDTsOnter- Digital Transducers) 204, 205 and 206 
placed along the propagation direction of a surface 
acoustic wave. The balanced signal terminals 210 and 
211 are connected to the IDT 205. The IDTs 204, 205 
and 206 are placed so as to be horizontally asymmetric 
with respect to a virtual axis assumed perpendicularly to 
the propagation direction in the middle of the 
propagation direction of the surface acoustic wave in 
each of the IDTs 204, 205 and 206. 
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(57) [Abstract] 

[Technical problem] The surface acoustic wave filter and communication device which have 
improved the unbalance between each balanced signal terminal 210 and 21 1 are offered. 
[Means for Solution] Each IDT 204, 205, and 206 is formed along the propagation direction c 
a surface acoustic wave. It connects with IDT205, respectively and each balanced signal 
terminals 210 and 21 1 are formed in it so that it may become a float balance type. It is the 
center section of the propagation direction of a surface acoustic wave in each IDT 204, 205, 
and 206, and each IDT 204, 205, and 206 is set up so that it may become right-and-left 
asymmetry to the virtual shaft 222 perpendicularly assumed to the above-mentioned 
propagation direction. 
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CLAIMS 



[Claim(s)] 

[Claim 1] On a piezo-electric substrate, change an input electrical signal into a surface acoustic 
wave, and output and the comb mold polar-zone successive formation object which has two or 
more comb mold polar zone which changes and outputs the surface acoustic wave to spread 
to an output electrical signal along the propagation direction of a surface acoustic wave is 
established. It is the surface acoustic wave filter which the balanced signal terminal connected 
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to a comb mold polar-zone JKessive formation object is prepared^! is characterized by 
the unsymmetrical thing on both sides of the virtual shaft which a comb mold polar-zone 
successive formation object is the center section of the propagation direction of the surface 
acoustic wave in a comb mold polar-zone successive formation object, and becomes 
perpendicular to the above-mentioned propagation direction. 

[Claim 2] It is the surface acoustic wave filter which said odd comb mold polar-zone successive 
formation objects go away, has the mold polar zone in a surface acoustic wave filter according 
to claim 1, and is characterized by setting said virtual shaft as the core of the comb mold polar 
zone located in the center among the comb mold polar zone which has more than one 
perpendicularly to the propagation direction of a surface acoustic wave. 
[Claim 3] The surface acoustic wave filter with which distance of the comb mold polar zone of 
said comb mold polar-zone successive formation object which adjoin each other mutually is 
characterized by having an unsymmetrical part on both sides of said virtual shaft in a surface 
acoustic wave filter according to claim 1 or 2. 

[Claim 4] The surface acoustic wave filter with which the ratio of an electrode digit to the pitch 
of said comb mold polar-zone successive formation object is characterized by having an 
unsymmetrical part on both sides of said virtual shaft in a surface acoustic wave filter given in 
any [ claim 1 thru/or ] of 3 they are. 

[Claim 5] The surface acoustic wave filter with which the pitch of said comb mold polar-zone 
successive formation object is characterized by having an unsymmetrical part on both sides of 
said virtual shaft in a surface acoustic wave filter given in any [ claim 1 thru/or ] of 4 they are. 
[Claim 6] It is the surface acoustic wave filter characterized by having the ** pitch electrode 
finger part which formed several electrode fingers with a pitch smaller than a surrounding 
electrode finger in the part where said two comb mold polar-zone successive formation objects 
go away in a surface acoustic wave filter given in any [ claim 1 thru/or ] of 5 they are, and the 
mold polar zone adjoins each other mutually, and the pitch of a ****** pitch electrode finger part 
having an unsymmetrical part on both sides of said virtual shaft. 

[Claim 7] The surface acoustic wave filter characterized by connecting at least one surface 
acoustic wave resonator by either [ at least ] the serial or juxtaposition to said comb mold 
polar-zone successive formation object in a surface acoustic wave filter given in any [ claim 1 
thru/or ] of 6 they are. 

[Claim 8] The communication device characterized by having a surface acoustic wave filter 
given in any [ claim 1 thru/or ] of 7 they are. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the surface acoustic wave filter which has 
balanced - unbalance conversion function especially, and the communication device using it 
while having a filter shape. 
[0002] 

[Description of the Prior Art] The technical progress over the miniaturization of the portable 
telephone of the former and recent years and lightweight-izing has a remarkable thing. As a 
means for realizing this, development of the components which compounded the function of 
plurality [ miniaturization / reduction of each component parts and ] from the first has also 
progressed. Against the background of such a situation, what has balanced - unbalance 
conversion function and the function of the so-called balun (balun) is briskly studied by the 
surface acoustic wave filter used for RF stage of a portable telephone in recent years, and has 
come to be used for it focusing on a GSM method (Global System for Mobile communications) 
©tc 

[0003] By an unbalanced current flowing, if direct continuation of a balanced line like a twin 
lead type feeder and an unbalanced line like a coaxial cable is carried out, since it operates 
[ the feeder (feeder) itself ] as an antenna and is not desirable, a balun will prevent an 
unbalanced current and will mean the circuit which adjusts a balanced line and an unbalanced 

line- . 
[0004] It applies also for some patents about the surface acoustic wave filter equipped with 

such a balanced - unbalance conversion function. As a surface acoustic wave filter with which 

the input impedance and the output impedance were equipped with almost equal balanced - 

unbalance conversion function, the configuration as shown in drawing 19 is known widely. 

[0005] With the surface acoustic wave filter shown in drawingJ9 , the comb mold polar zone (it 

is also called a blind-like electrode and is called IDT Inter-Digital Transducer and the following) 

101 is formed on the piezo-electric substrate 100, and each IDT 102 and 103 is arranged at 

the right and left (it met in the propagation direction of a surface acoustic wave) which are 
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IDT101. 

[0006] furthermore, the above-mentioned surface acoustic wave filter -- setting - these every - 
each reflectors 104 and 105 for reflecting a surface acoustic wave and raising conversion 
efficiency are arranged, respectively, and each balanced signal terminals 106 and 107 and the 
unbalance signal terminal 108 are formed so that IDT 101 , 102, and 103 may be put from right 
and left. 

[0007] Such a surface acoustic wave filter is called a 3IDT type vertical joint resonator mold 
surface acoustic wave filter, and has balanced - unbalance conversion function by conversion 
using the surface acoustic wave between each IDT 101 and 102 and 103. 
[0008] With the surface acoustic wave filter which has balanced - unbalance conversion 
function, in the transmission characteristic in the passband between an unbalance signal 
terminal and each terminal of a balanced signal terminal, the amplitude characteristic is equal, 
and it is required that the phase should be reversed 180 degrees and it is calling it the 
amplitude unbalance between balanced signal terminals, and phase unbalance, respectively. 
[0009] When amplitude unbalance and phase unbalance consider the surface acoustic wave 
filter which has said balanced - unbalance conversion function to be the device of three ports, 
for example, each of the first port and a balanced output terminal is made into the second port 
and the third port for an unbalanced input terminal, Amplitude unbalance =[A] A=|20log(S21) |- 
|20log(S31) |, phase unbalance = it defines as B-180 and B=|**S21-**S31|, respectively. In 
addition, S21 shows the transfer factor from the first port to the second port, and S31 shows 
the transfer factor from the first port to the third port, and || in each above-mentioned formula is 
to show an absolute value. 

[0010] About the unbalance between such balanced signal terminals, OdB and phase 
unbalance are ideally made into 0 times for amplitude unbalance in the passband of a surface 
acoustic wave filter. 
[0011] 

[Problem(s) to be Solved by the Invention] However, in the conventional configuration shown in 
drawing 19 , there was a problem that the unbalance between balanced signal terminals 
deteriorated. Although some of the reason is considered, a thing of the wavelength it is 
decided in the pitch of an electrode finger that the distance (1 09 of drawing^ ) of the 
electrode finger connected to the balanced signal terminal 106 and the signal electrode finger 
of IDT102 and the distance (1 10 of drawing 21 ) of the electrode finger connected to the 
balanced signal terminal 107 and the signal electrode finger of IDT103 will be different 0.5 
times is mentioned. 

[0012] thereby -- the balanced signal terminals 106 and 107 - the evil from which the total 
capacity of the electrode finger which is alike, respectively and is connected differs in which 
the conversion efficiency of the electrical and electric equipment and a surface acoustic wave 
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differs .. generating - a resfft unbalance - it had led to aggravat^The difference of the 
amplitude characteristic over the frequency which connects the balanced signal terminal 107 of 
drawing 19 to a ground like drawing 20 , and is outputted from the balanced signal terminal 
106, and the amplitude characteristic which connects the balanced signal terminal 106 to a 
ground like drawing 21 , and is outputted from the balanced signal terminal 107 is shown in 
drawing 22 . The two amplitude characteristics differ greatly and this difference has led to 
aggravation of unbalance. 

[0013] The purpose of this invention is correcting the difference between the above-mentioned 
balanced signal terminals which are the cause of the unbalance aggravation between 
balanced signal terminals, and is to offer the surface acoustic wave filter with which the 
unbalance between balanced signal terminals has good balanced - unbalance conversion 
function, and the communication device using it. 
[0014] 

[Means for Solving the Problem] In order that the surface acoustic wave filter of this invention 
may solve the above technical problem, on a piezo-electric substrate Change an input 
electrical signal into a surface acoustic wave, and output and the IDT successive formation 
object which has two or more IDT(s) which change and output the surface acoustic wave to 
spread to an output electrical signal along the propagation direction of a surface acoustic wave 
is established. The balanced signal terminal connected to an IDT successive formation object 
is prepared, and an IDT successive formation object is the center section of the propagation 
direction of the surface acoustic wave in an IDT successive formation object, and is 
characterized by the unsymmetrical thing on both sides of the virtual shaft which becomes 
perpendicular to the above-mentioned propagation direction. The above-mentioned balanced 
signal terminal has a desirable float balance type (type which does not have an electrical 
neutrality point). 

[0015] In the above-mentioned surface acoustic wave filter, said IDT successive formation 
object has odd IDT(s), and said virtual shaft may be perpendicularly set as the core of IDT 
located in the center among IDT(s) which have more than one to the propagation direction of a 
surface acoustic wave. 

[0016] With the above-mentioned surface acoustic wave filter, the distance of IDT(s) of said 
IDT successive formation object which adjoin each other mutually may have the unsymmetrical 
part on both sides of said virtual shaft. 

[0017] In the above-mentioned surface acoustic wave filter, the ratio (duty) of an electrode digit 
to the pitch of said IDT successive formation object may have the unsymmetrical part on both 
sides of said virtual shaft. 

[0018] With the above-mentioned surface acoustic wave filter, the pitch of said IDT successive 
formation object may have the unsymmetrical part on both sides of said virtual shaft. 
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[0019] In the above-mentioWf surface acoustic wave filter, said ID^^uccessive formation 
object may have the ** pitch electrode finger part which formed several electrode fingers with a 
pitch smaller than a surrounding electrode finger in the part where two IDT(s) adjoin each other 



on both sides of said virtual shaft. 

[0020] Since the IDT successive formation object which has two or more IDT(s) along the 
propagation direction of a surface acoustic wave was established according to the above- 
mentioned configuration, a specific frequency band is passed and the filtering function which 
controls except [ its ] can be demonstrated. 

[0021] Moreover, since the balanced signal terminal connect to an IDT successive-formation 
object be prepared in the above-mentioned configuration by the float balance type ( type which 
do not have an electrical-neutrality point), while being able to demonstrate balanced - 
unbalance conversion function, it become that it be possible in set up comparatively easily the 
virtual shaft be the center section of the propagation direction of the surface acoustic wave in 
an IDT successive-formation object, and become that it be perpendicular to the above- 
mentioned propagation direction. 

[0022] And in the above-mentioned configuration, duty of asymmetry or an IDT successive 
formation object is setting up asymmetrically the ** pitch electrode finger part by which 
asymmetry's, for example, the distance's of IDT(s) which adjoins each other's mutually, 
prepared the IDT successive formation object in asymmetry or an IDT successive formation 
object on both sides of said virtual shaft on both sides of said virtual shaft on both sides of the 
above-mentioned virtual shaft on both sides of said virtual shaft, and can improve unbalance, 
especially phase unbalance. 

[0023] By these, the above-mentioned structure can demonstrate balanced - unbalance 
conversion function in which unbalance, especially phase unbalance have been improved, and 
can apply it suitable for communication devices, such as a cellular phone, while it can 
demonstrate a filtering function. 

[0024] It is desirable that at least one surface acoustic wave resonator is connected by either 
[ at least ] the serial or juxtaposition to said IDT successive formation object with the above- 
mentioned surface acoustic wave filter. According to the above-mentioned configuration, a 
filtering function can be improved by having connected the surface acoustic wave resonator 
further. 

[0025] The communication device of this invention is characterized by having a surface 
acoustic wave filter given in above any they are, in order to solve the aforementioned technical 
problem. Since according to the above-mentioned configuration the surface acoustic wave 
filter which can demonstrate balanced - unbalance conversion function in which unbalance, 
especially phase unbalance have been improved was used while being able to demonstrate 



mutually, and the pitch of a 



pitch electrode finger part may have the unsymmetrical part 
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the filtering function, comn^^ation facility can be improved. 
[0026] 

[Embodiment of the Invention] It will be as follows if each gestalt of operation of this invention 
is explained based on drawing 1 thru/or drawing 19 . 

[0027] (The first gestalt of operation) this invention - starting - operation - the - one - a 
gestalt - a surface acoustic wave - a filter -- drawing 1 - being shown -- as - piezo-electricity 
- a substrate -- 20 - a top - setting - length - association - a resonator - a mold - a surface 
acoustic wave - a filter - the section (IDT successive formation object) -- 201 - the above - a 
surface acoustic wave -- a filter - the section 201 - receiving - series connection - carrying 
out - having had a surface acoustic wave - a resonator - 202 - a surface acoustic wave - 
a resonator - 203 - photolithography - a method - etc. etc. - forming having had - 
aluminum - (-- aluminum --) - an electrode (foil) - forming - having - **** . As a material of 
the piezo-electric substrate 20, it is the 40 **5-degreeYcutX propagation LiTa03. It is 
mentioned. With the surface acoustic wave filter of each gestalt of future operations, it is PCS 
(Personal CommunicationSystem). It is explaining taking the case of the surface acoustic wave 
filter for reception. 

[0028] In the surface acoustic wave filter section 201, each IDT 204 and 206 is formed so that 
IDT205 may be put from right and left along the propagation direction of a surface acoustic 
wave, and each reflectors 207 and 208 are formed in those both sides. 
[0029] IDT is equipped with two or more two electrode finger parts equipped with the parallel 
band-like electrode finger of each other prolonged in the direction which intersects 
perpendicularly from the band-like end face section (bus bar) and one flank of the end face 
section, and has each above-mentioned electrode finger part in the condition of having 
become intricate between mutual electrode fingers so that the flank of the electrode finger of 
each above-mentioned electrode finger part might be met mutually. 
[0030] Therefore, in IDT, if the potential difference based on an input electrical signal arises 
through each end face section (bus bar) to two electrode finger parts, a surface acoustic wave 
will occur on the front face of the piezo-electric substrate 20 of the part, and the surface 
acoustic wave will spread the front-face top of the piezo-electric substrate 20 in both directions 
of the cross direction (direction which intersects perpendicularly to the longitudinal direction of 
each electrode finger) of each electrode finger. On the other hand, in IDT into which the 
electrical signal is not inputted, each electrode finger detects the potential difference generated 
on the front face of the piezo-electric substrate 20 with the spread surface acoustic wave, and 
it can change and output to an output electrical signal. 

[0031] In such IDT, a signal transformation property and a setup of a passband are possible by 
setting up the decussation width of face which shows the die length and width of face of each 
electrode finger, spacing of each adjacent electrode finger, and the confrontation die length in 
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the condition between mutiffclectrode fingers of having become ^feate, respectively. Each 
above-mentioned reflector is for reflecting the spread surface acoustic wave. 
[0032] Furthermore, in the surface acoustic wave filter section 201 , the pitch of several 
electrode fingers (** pitch electrode finger) of the opposite part of IDT204 and IDT205 which 
adjoin each other mutually is made smaller than the electrode finger of other parts of IDT204 
and IDT205 so that it may turn out that drawing 1 is seen (213 parts of drawing 1 ). Similarly, 
the pitch of several electrode fingers (** pitch electrode finger) of the opposite part of IDT205 
and IDT206 which adjoin each other mutually is made smaller than the electrode finger of 
other parts of IDT205 and IDT206 (214 parts of drawing 1 ). Thereby, an insertion loss can be 
reduced in the surface acoustic wave filter section 201. 

[0033] Moreover, it connects to each central electrode finger part of IDT205, respectively, and 
each balanced signal terminals 210 and 211 are formed. Thereby, the surface acoustic wave 
filter section 201 serves as a float balance type which does not have ground potential as an 
electrical neutrality point. It connects to one electrode finger part of IDT204 and IDT206, 
respectively, and the unbalance signal terminal 209 is formed. The electrode finger part of 
another side of IDT204 and IDT206 is connected to the ground. 

[0034] Thus, it becomes possible to have balanced - unbalance conversion function in the 
surface acoustic wave filter section 201 by connecting each balanced signal terminals 210 and 
21 1 and the unbalance signal terminal 209. That is, if a balanced electrical signal is inputted 
into each balanced signal terminals 210 and 21 1 , while an unbalance electrical signal will be 
outputted from the unbalance signal terminal 209, when an unbalance electrical signal is 
inputted into the unbalance signal terminal 209, a balanced electrical signal will be outputted 
from each balanced signal terminals 210 and 211. 

[0035] Series connection of the above-mentioned surface acoustic wave resonator 202 and the 
above-mentioned surface acoustic wave resonator 203 is carried out between the unbalance 
signal terminal 209 and each IDT 204 and 206 through the signal line 212. Incidentally, by 
drawing 1 , in order to make drawing brief, the number of an electrode finger is shown actually 
more few. 

[0036] Furthermore, the earth line 221 is formed between the signal line 212 and the balanced 
signal terminal 210 as a shielding pattern for reducing the capacity which enters in bridge 
among above-mentioned both. 

[0037] And with the surface acoustic wave filter of the first gestalt of operation, each IDT 204, 
205, and 206 is set up so that spacing of IDT204 and IDT205 which adjoin each other mutually 
in the propagation direction of a surface acoustic wave may differ from spacing of IDT205 and 
IDT206 which adjoin each other mutually in the propagation direction of a surface acoustic 
wave too mutually, namely, the case where are the core of the propagation direction of a 
surface acoustic wave in IDT205 in the center section of the surface acoustic wave filter 
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section 201 in the surface awustic wave filter of the first gestalt of operation, and the virtual 
shaft 222 is perpendicularly assumed to the propagation direction of a surface acoustic wave -- 
this virtual shaft 222 - inserting - right and left - it will have unsymmetrical structure. 
[0038] The detailed design of the surface acoustic wave filter section 201 of a vertical joint 
resonator mold the wavelength decided by the pitch of Iambdal2 (213 of drawing 1 , 214 parts), 
and other electrode fingers in the wavelength decided by the pitch of a ** pitch electrode finger 
- lambdall **, if it carries out Decussation Width-of-face W:60.6lambdal1IDT number (order of 
204, 205, and 206): - (4)2929(4) / (4)45(4) (number of the electrode finger with which the 
inside of a parenthesis made the pitch small) 

IDT wavelength lambdah : 2.06 micrometers and Iambdal2 : 1 .88-micrometer reflector 
wavelength lambdaR:2.07-micrometer reflector number: - 100 IDT-IDT spacing: - 0.500 - 
Iambdal2 (219 of drawing 1 ), and 0.484lambdal2 (220 of drawing 1 ) 
Wavelength lambdah Wavelength Iambdal2 The detailed design in the part inserted into the 
electrode finger of the spacing (215, 216, 217, 218 of drawing 

1 ):0.250lambdal1+0.250lambdal2IDT-reflector spacing:0.470lambdaRduty:0.60 (IDT and 
reflector) electrode-layer thickness:0.080lambdal1 surface-acoustic-wave resonator 202 is 
shown below. 

Decussation Width-of-face W:49.1lambdalDT number: - 401 wavelength reflector number [ of 
lambda (IDT and reflector): 2. 04 micrometers ]: - 30IDT-reflector spacing: - 
0.50lambdaduty:0.60 (IDT and reflector) 

Electrode-layer thickness: The detailed design of the 0.080lambda surface acoustic wave 
resonator 203 is shown below. 

Decussation Width-of-face W:40.6lambdalDT number: - 241 wavelength reflector number [ of 
lambda (IDT and reflector): 1.97 micrometers ]: - 30IDT-reflector spacing: - 
0.50lambdaduty:0.60 (IDT and reflector) 

Electrode-layer thickness: "Spacing" of the 0.084lambda above is a pitch in the cross direction 
of two electrode fingers. 

[0039] The graph of phase unbalance is shown in the amplitude unbalance between the 
balanced signal terminals to the frequency in the configuration of the first gestalt of operation, 
and drawing 3 at drawing 2 . With the surface acoustic wave filter as an example of a 
comparison shown in drawing 4 , the surface acoustic wave filter section 201a with same 
spacing of IDT204 and IDT205 and spacing of IDT205 and IDT206 was used. The amplitude 
unbalance in the configuration of the example of a comparison and phase unbalance were also 
shown according to drawing 2 and drawing 3 . 

[0040] The configuration of the example of a comparison of drawing 4 is the completely same 
configuration except not changing spacing of IDT204 and IDT205, and spacing of IDT205 and 
IDT206 to the first gestalt of operation. However, the publication is omitted although used 
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about the piezo-electric sul^fete 20. 

[0041] The frequency range of the passband in the filter for PCS reception is 1930MHz - 
1990MHz. The amplitude unbalance in this range is -0.75-+2.30dB (the deflection of 3.05dB) 
at the example of a comparison, amplitude unbalance is so good that deflection is small -- it is 
- although it is getting worse with the first gestalt of operation to a thing -0.80-+2.30dB 
(deflection of 3.1 OdB), and a little, phase unbalance the example of a comparison -7.0 - +5.5 
degrees (phase unbalance is so good that 12.5 deflection and deflection are small) - it is - it 
received and whenever [ phase equilibrium ] has improved about about 3.0 degrees with -4.0 - 
+5.5 degrees (9.5 deflection) with the first gestalt of operation. 

[0042] This is changing mutually spacing of IDT204 and IDT205, and spacing of IDT205 and 
IDT206, and it is the effectiveness by having corrected the total capacity of an electrode finger 
and the conversion efficiency of an electrical signal and a surface acoustic wave connected to 
each balanced signal terminals 210 and 211. At this time, although few unnecessary ripples 
(A) are contained in the passband as a transmission characteristic is shown in drawing 6 , the 
almost same property as the example of a comparison is acquired except it ( drawing 5 is the 
transmission characteristic of the example of a comparison, and drawing 6 is the transmission 
characteristic of the first gestalt of operation). 

[0043] Since there is a problem that the unnecessary ripple A in a passband becomes large 
when it changes IDT-IDT spacing mutually by right and left of the surface acoustic wave filter 
section 201, and it is made to differ greatly, adjustment of IDT-IDT spacing for acquiring the 
effectiveness of the first gestalt of operation is good to carry out in the range in which this 
unnecessary ripple does not become large, which is the commercial scene demand about the 
deflection in a passband desirably and which does not become larger than 1.0dB. 
[0044] In the surface acoustic wave filter which has balanced - unbalance conversion function 
with the first gestalt of operation as explained above the core of IDT205 which changes IDT- 
IDT spacing by right and left, and is in the center section of the surface acoustic wave filter 
section 201 - it is - and the propagation direction of a surface acoustic wave - receiving - the 
perpendicular virtual shaft 222 - receiving - right and left - by making it unsymmetrical 
structure The surface acoustic wave filter with which the phase unbalance between balanced 
signal terminals has been improved rather than the surface acoustic wave filter of the example 
of a comparison is obtained. 

[0045] In addition, with the first gestalt of operation, the one surface acoustic wave filter section 
201 of a vertical joint resonator mold which has each three IDT(s) 204, 205, and 206 is used. 
Although the configuration which acquires a balanced signal explained from IDT205 of the 
center section of the surface acoustic wave filter of the vertical joint resonator mold which is 
the configuration which carried out series connection of the two surface acoustic wave 
resonators 202 and 203 to the surface acoustic wave filter section 201 The same effectiveness 
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is acquired also in the surfa^^acoustic wave filter with which this i^feition has the balanced 
signal terminal of not only this configuration but what kind of configuration. 
[0046] for example, the case where are the center section of the surface acoustic wave filter 
section, and the virtual shaft 303 is perpendicularly established to the propagation direction of 
a surface acoustic wave by changing mutually each spacing 301 and 302 of IDT-IDT which 
adjoins each other mutually also in the surface acoustic wave filter of the vertical joint 
resonator mold which has four IDT(s) like drawing 7 - this virtual shaft 303 - inserting - right 
and left - since it becomes unsymmetrical structure, the same effectiveness as the first gestalt 
of operation is acquired. 

[0047] Moreover, also in the surface acoustic wave filter which has IDT of the number beyond 
it, it is also clear that the same effectiveness is acquired, for example, the case where parallel 
connection of the surface acoustic wave resonator is carried out to the surface acoustic wave 
filter section 201 and drawing 8 - like - the unbalance signal terminal 209 - every of the 
surface acoustic wave filter section of a vertical joint resonator mold - the case of IDT 304 and 
306 where it inputs from a reverse side mutually, respectively (output), and the case where two 
step cascade connection of the surface acoustic wave filter section of a vertical joint resonator 
mold is carried out - the virtual shaft 322 of drawing 8 - inserting - right and left - the same 
effectiveness is acquired by setting up with unsymmetrical structure. 
[0048] the first gestalt of operation - 40 **5-degreeYcutX propagation LiTa03 from - as the 
principle from which effectiveness is acquired also showing, although the becoming piezo- 
electric substrate 20 was used - this invention - not only the above-mentioned piezo-electric 
substrate 20 but the 64 degrees - 72 degreeYcutX propagation LiNb03, and 41-degreeYcutX 
propagation LiNb03 etc. - from - the same effectiveness is acquired also with the becoming 
piezo-electric substrate. 

[0049] (The second gestalt of operation) The configuration of the second gestalt of the 
operation which relates to this invention at drawing 9 is shown. With the second gestalt of 
operation, it differs to the configuration of the example of a comparison shown in drawing 4 in 
that duty of the electrode finger of the side connected to the unbalance signal terminal 409 of 
IDT402 was changed into 0.50 from 0.60. namely, the case where the perpendicular virtual 
shaft 420 is assumed to the propagation direction of a surface acoustic wave to the core of 
IDT403 in the center section of the surface acoustic wave filter 401 - this virtual shaft 420 - 
receiving - right and left - it will have unsymmetrical structure. Other configurations are 
altogether the same as the configuration of the example of a comparison. 
[0050] The graph of phase unbalance is shown in each balanced signal terminal 410 to the 
frequency in the configuration of the second gestalt of operation, the amplitude unbalance 
between 41 1 , and drawing 1 1 at drawing 10 . As an example of a comparison, the amplitude 
unbalance in the configuration of the example of a comparison of drawing 4 and phase 
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unbalance are also shownfferding to drawing 10 and drawing 

[0051] since duty of the electrode finger of the side connected to the unbalance signal terminal 
409 of IDT402 with the second gestalt of operation is changed, about 1 MHz of passage 
frequency bands becomes high from the configuration since a comparison. 
[0052] In drawing 10 and drawing 1 1 , 1 MHz of frequencies of the second gestalt of operation 
is low displayed actually more so that it may be easy to carry out the comparison with the 
second gestalt of operation, and the example of a comparison. In the frequency range of the 
passband in the filter for PCS reception, about 0.05dB of amplitude unbalance has improved 
with -0.75-dB+2.25dB (deflection of 3.00dB) with the second gestalt of operation to being - 
0.75dB - +2.30dB (deflection of 3.05dB) in the example of a comparison. 
[0053] moreover, phase unbalance - the example of a comparison -7.0 - +5.5 degrees (12.5 
deflection) - it is - it received and whenever [ phase equilibrium ] has improved about about 
3.0 degrees with -4.5 - +5.0 degrees (9.5 deflection) with the second gestalt of operation. By 
setting up small duty of the electrode finger of the side connected to the unbalance signal 
terminal 409 of IDT402, this is the effectiveness by having corrected the total capacity of an 
electrode finger and the conversion efficiency of the electrical and electric equipment and a 
surface acoustic wave connected to each balanced signal terminals 410 and 41 1 . At this time, 
the property as the example of a comparison that the transmission characteristic in a passband 
is almost the same is acquired ( drawing 5 : the transmission characteristic of the example of a 
comparison, transmission characteristic of the second gestalt of the drawing 12 :operation). 
[0054] As explained above, with the second gestalt of operation, duty of the electrode finger of 
the side connected to the unbalance signal terminal 409 of IDT402 by making it small in the 
surface acoustic wave filter which has balanced - unbalance conversion function the core of 
IDT403 in the center section of the surface acoustic wave filter 401 -- the propagation direction 
of a surface acoustic wave -- receiving - the perpendicular virtual shaft 420 - receiving - right 
and left - by making it unsymmetrical structure The balanced signal terminal 410 and the 
surface acoustic wave filter with which the unbalance between 41 1 has been improved are 
obtained rather than the surface acoustic wave filter of the example of a comparison. 
[0055] although only duty of a signal electrode was changed with the second gestalt of 
operation -- this - a signal electrode and a ground electrode - not related - duty - changing - 
right and left -- it is making it unsymmetrical structure and the same effectiveness as the 
second gestalt of operation is acquired. Moreover, although duty was small changed with the 
second gestalt of operation, when changing duty of IDT404, for example, unbalance is 
improved for the direction which changes duty conversely so that it may become large. Thus, 
modification of duty may become small when becoming large by IDT to change. 
[0056] (The third gestalt of operation) Next, the configuration of the third gestalt of operation 
concerning this invention is explained. The configuration of the third gestalt of operation is the 
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same except having used IWace acoustic wave filter section 201bWiich has IDT204a which 
made small only 0.01 micrometers of pitches of IDT204 of drawing 4 , as shown in drawing 13 
to the configuration of the example of a comparison of drawing 4 . namely, the case where 
surface acoustic wave filter section 201b assumes a virtual shaft perpendicularly to the 
propagation direction of a surface acoustic wave to the core of IDT205 in that center section - 
this virtual shaft - receiving - right and left - it will have unsymmetrical structure. 
[0057] The graph of phase unbalance is shown in the amplitude unbalance between the 
balanced signal terminals to the frequency in the configuration of the third gestalt of operation, 
and drawing 15 at drawing 14 . As a comparison, the amplitude unbalance in the configuration 
of the example of a comparison of drawing 4 and phase unbalance are also shown according 
to drawing 14 and drawing 15 . 

[0058] Since IDT204a which made small only 0.01 micrometers of pitches of IDT204 is used 
with the third gestalt of operation, about 1MHz of frequencies becomes high from the 
configuration of the example of a comparison. In drawing 14 and drawing 15 , 1MHz of 
frequencies of the third gestalt of operation is low displayed actually more so that it may be 
easy to consider the comparison of the example of a comparison as the third gestalt of 
operation. 

[0059] In the frequency range of the passband in the surface acoustic wave filter for PCS 
reception amplitude unbalance Although it is getting worse with the third gestalt of operation to 
being -0.75dB - +2.30dB (deflection of 3.05dB) in the example of a comparison -0.75dB - 
+2.40dB (deflection of 3.15dB), and a little phase unbalance - the example of a comparison - 
7.0 - +5.5 degrees (12.5 deflection) - it is - it received and whenever [ phase equilibrium ] has 
improved about about 3.0 degrees with -3.5 - +6.0 degrees (9.5 deflection) with the third 
gestalt of operation. 

[0060] By using IDT204a which made the pitch of IDT204 small, this is the effectiveness by 
having corrected the total capacity of an electrode finger and the conversion efficiency of the 
electrical and electric equipment and a surface acoustic wave connected to each balanced 
signal terminals 21 0 and 21 1 . 

[0061] At this time, although pass band width has become narrower than the example of a 
comparison slightly as for the transmission characteristic in a passband, the almost same 
property as the example of a comparison is acquired ( drawing 5 : the transmission 
characteristic of the example of a comparison, transmission characteristic of the third gestalt of 
the drawing 16 operation). 

[0062] As explained above, with the third gestalt of operation, by using IDT204a which made 
the pitch of IDT204 small in the surface acoustic wave filter which has balanced - unbalance 
conversion function the core of IDT205 in the center section of surface acoustic wave filter 
section 201b - the propagation direction of a surface acoustic wave - receiving - a 
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perpendicular virtual shaft fllceiving -- right and left -- by making^^isymmetrical structure 
The balanced signal terminal 210 and the surface acoustic wave filter with which the phase 
unbalance between 211 has been improved are obtained rather than the surface acoustic 
wave filter of the example of a comparison. 

[0063] Although the pitch was small changed with the third gestalt of operation, when changing 
the pitch of IDT206, for example, unbalance is improved for the direction which changes a 
pitch greatly conversely. Thus, modification of a pitch may become small when becoming large 
by IDT to change. 

[0064] Moreover, as shown in drawing 17 , the pitch of a ** pitch electrode finger part may be 
changed mutually in the part where IDT204 and IDT205 adjoin each other, and the part where 
IDT205 and IDT206 adjoin each other. For example, it considers as the same configuration as 
drawing 4 except having used surface acoustic wave filter section 201c which has IDT205a 
which set up small the pitch of the ** pitch electrode finger part by the side of IDT204b which 
set up small the pitch of the ** pitch electrode finger part of IDT204 shown in drawing 4 , and 
IDT204b in IDT205 which shows drawing 4 . 

[0065] so, the virtual shaft which assumed perpendicularly the pitch of the part where IDT205a 
adjoins each other to the propagation direction of a surface acoustic wave with the above- 
mentioned configuration in the core of IDT205a in the center section of surface acoustic wave 
filter section 201c - receiving -- right and left - it has unsymmetrical structure. Considering as 
the above-mentioned structure, the balanced signal terminal 210 and the surface acoustic 
wave filter with which the unbalance between 211 has been improved are similarly obtained 
rather than the surface acoustic wave filter of the example of a comparison. 
[0066] as mentioned above, with the surface acoustic wave filter of this invention It is the 
surface acoustic wave filter which has two or more IDT(s) along the propagation direction of a 
surface acoustic wave on a piezo-electric substrate, and has a balanced signal input terminal 
or a balanced signal output terminal. Said surface acoustic wave filter does not have an 
electrical neutrality point (float balance type), every in said surface acoustic wave filter - by it 
being characterized by said surface acoustic wave filter being right-and-left asymmetry to this 
virtual shaft, when a virtual shaft is perpendicularly assumed to the propagation direction of a 
surface acoustic wave in the center section of IDT The surface acoustic wave filter which has 
improved the unbalance between balanced signal terminals (especially phase unbalance) is 
obtained. 

[0067] the case where a virtual shaft is perpendicularly assumed to the propagation direction of 
a surface acoustic wave to the core of IDT which said surface acoustic wave filter has odd IDT 
(s), and is located in the center among said IDT(s) which have more than one at this time - 
this virtual shaft - receiving - right and left - it is desirable to have unsymmetrical structure. 
[0068] right and left - as a means to make it have unsymmetrical structure (1) The distance of 
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IDT(s) which said surface iHistic wave filter adjoins has the part^^ch is right-and-left 
asymmetry to the virtual shaft perpendicularly established to the propagation direction of said 
surface acoustic wave. (2) duty of IDT with two or more said surface acoustic wave filters has 
the part which is right-and-left asymmetry to the virtual shaft perpendicularly established to the 
propagation direction of said surface acoustic wave. (3) The pitch of IDT with two or more said 
surface acoustic wave filters has the part which is right-and-left asymmetry to the virtual shaft 
perpendicularly established to the propagation direction of said surface acoustic wave. (4) Said 
surface acoustic wave filter has the ** pitch electrode finger part which formed several 
electrode fingers with a pitch smaller than a surrounding electrode finger in the part where two 
IDT(s) adjoin each other. The configuration of the pitch of the ** pitch electrode finger part of 
said surface acoustic wave filter having the part which is right-and-left asymmetry to the virtual 
shaft perpendicularly established to the propagation direction of said surface acoustic wave, 
and an approach are effective. 

[0069] Moreover, when enlarging the magnitude of attenuation outside a passband with the 
surface acoustic wave filter of this invention, it is desirable to connect at least one or more 
surface acoustic wave resonators to a serial, juxtaposition, or its both. 
[0070] Furthermore, although the example which established the description of a publication 
separately was given in the first of operation thru/or the third gestalt above, even if it uses 
combining them how, it is clear that the same effectiveness can be demonstrated. 
[0071] When the communication device using a surface acoustic wave filter given in any of the 
first of the above-mentioned implementation thru/or the third gestalt they are is explained 
based on drawing 18 , next, the above-mentioned communication device 600 As a receiver 
side (Rx side) which receives An antenna 601 , the antenna common section / RFTop filter 602, 
amplifier 603, Rx interstage filter 604, a mixer 605, the 1stlF filter 606, a mixer 607, the 2ndlF 
filter 608, the 1st+2nd local synthesizer 61 1 , TCXO (temperature compensatedcrystal 
oscillator (temperature-compensated crystal oscillator)) It has 612, a divider 613, and the local 
filter 614, and is constituted. 

[0072] As double lines showed, in order to secure balance nature from Rx interstage filter 604 
to drawing 18 to a mixer 605, transmitting by each balanced signal is desirable. 
[0073] Moreover, as a transceiver side (Tx side) which transmits, it has the TxlF filter 621, a 
mixer 622, Tx interstage filter 623, amplifier 624, a coupler 625, an isolator 626, and APC 
(automatic power control)627 (APC), and the above-mentioned communication device 600 is 
constituted while sharing the above-mentioned antenna 601 , and the above-mentioned above- 
mentioned antenna common section / RFTop filter 602. 

[0074] And a surface acoustic wave filter given in the first of this operation thru/or the third 
gestalt mentioned above can use for the above-mentioned Rx interstage filter 604, the 1stlF 
filter 606, the TxlF filter 621 , and Tx interstage filter 623 suitably. 
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[0075] The surface acoustiffcve filter concerning this invention is^^jipped with an 
unbalance-balance conversion function with a filtering function, and, moreover, the phase 
characteristic between each balanced signal has the outstanding property of being near, by the 
ideal. Therefore, the communication device of this invention which has the above-mentioned 
surface acoustic wave filter can be improving the transmission characteristic. 
[0076] 

[Effect of the Invention] The IDT successive-formation object which has two or more IDT(s) 
along the propagation direction of a surface acoustic wave is established on a piezo-electric 
substrate as mentioned above, the balanced signal terminal connected to an IDT successive- 
formation object is prepared, an IDT successive-formation object is the center section of the 
propagation direction of the surface acoustic wave in an IDT successive-formation object, and 
the surface acoustic wave filter of this invention is an unsymmetrical configuration on both 
sides of the virtual shaft which becomes perpendicular to the above-mentioned propagation 
direction. 

[0077] So, it can demonstrate balanced - unbalance conversion function in which unbalance, 
especially phase unbalance have been improved, and does the effectiveness that it is 
applicable suitable for communication devices, such as a cellular phone, while it can 
demonstrate a filtering function, since the above-mentioned structure can improve unbalance, 
especially phase unbalance by setting up an IDT successive formation object asymmetrically 
on both sides of the above-mentioned virtual shaft. 



[Translation done.] 
* NOTICES * 

JP0 and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the outline block diagram of the surface acoustic wave filter of the first gestalt 
of operation concerning this invention. 
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[ Drawing 2] It is the graph Wmh shows the first gestalt of the abovWnentioned 
implementation, and the difference of the amplitude unbalance in the example of a 
comparison. 

[Drawing 3] It is the graph which shows the first gestalt of the above-mentioned 
implementation, and the difference of the phase unbalance in the example of a comparison. 
[ Drawing 4] It is the outline block diagram of the surface acoustic wave filter as the above- 
mentioned example of a comparison. 

[Drawing 5] It is the graph which shows the frequency-transmission characteristic of the above- 
mentioned example of a comparison. 

[ Drawing 6] It is the graph which shows the frequency-transmission characteristic of the first 
gestalt of the above-mentioned implementation. 

[Drawing 7] It is the outline block diagram showing the example of a complete-change form of 
the first gestalt of the above-mentioned implementation. 

[Drawing 8] It is the outline block diagram showing other modifications of the first gestalt of the 
above-mentioned implementation. 

[Drawing 9] It is the outline block diagram of the surface acoustic wave filter of the second 
gestalt of operation concerning this invention. 

[ Drawing 101 It is the graph which shows the second gestalt of the above-mentioned 
implementation, and the difference of the amplitude unbalance in the example of a 
comparison. 

[Drawing 11] It is the graph which shows the second gestalt of the above-mentioned 
implementation, and the difference of the phase unbalance in the example of a comparison. 
[Drawing 12] It is the graph which shows the frequency-transmission characteristic of the 
second gestalt of the above-mentioned implementation. 

[Drawing 131 It is the outline block diagram of the surface acoustic wave filter of the third 
gestalt of operation concerning this invention. 

[Drawing 14] It is the graph which shows the third gestalt of the above-mentioned 
implementation, and the difference of the amplitude unbalance in the example of a 
comparison. 

[ Drawing 15] It is the graph which shows the third gestalt of the above-mentioned 
implementation, and the difference of the phase unbalance in the example of a comparison. 
[Drawing 16] It is the graph which shows the frequency-transmission characteristic of the third 
gestalt of the above-mentioned implementation. 

[Drawing 17] It is the outline block diagram showing the example of a complete-change form of 
the third gestalt of the above-mentioned implementation. 

[Drawing 181 It is the important section block diagram of the communication device of this 
invention. 
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nlB^»ck diagram of the conventional sur^fc 



[Drawing 19] It is the outlinlBrock diagram of the conventional surf^e acoustic wave filter 
which has balanced - unbalance conversion function. 

[ Drawing 20] It is the outline block diagram which connected one side of the balanced signal 
terminal in the above-mentioned conventional surface acoustic wave filter to the ground. 
[ Drawing 21] It is the outline block diagram which connected another side of the balanced 
signal terminal in the above-mentioned conventional surface acoustic wave filter to the ground. 

[Drawing 22] It is the graph which shows the difference of the frequency-amplitude 

characteristic of a configuration with above-mentioned drawing 20 and drawing 21 . 

[Description of Notations] 

20 Piezo-electric Substrate 

204, 205, 206 IDT (comb mold polar zone) 

210 21 1 Balanced signal terminal 

222 Virtual Shaft 



[Translation done.] 
* NOTICES * 

JP0 and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 1] 
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[Drawing 2] 

2.5 



f 



2.0 
1.5 
1.0 
05 
0.0 
-05 
-IjO 
-\£ 
-2.0 



-2.5 



1910 

































H 
















\ 

\\ 










Afc 

























































IB 30 



1950 1970 
frequency (MHz) 



1990 



2010 



[Drawing 4] 
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[ Drawing 3] 
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[Drawing 5] 
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[Drawing 7] 



O — -209 




6-^211 



[Drawing 6] 
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[Drawing 81 
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[Drawing 11] 
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[Drawing 12] 
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[Drawing 13] 
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[ Drawing 17 ] 
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[ Drawing 14] 
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[Drawing 15 ] 
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[Drawing 16] 
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[Drawing 18] 
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[ Drawing 19 ] 
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[Drawing 20] 
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[Drawing 21] 




[Drawing 22] 
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[Translation done.] 
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